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A STUDY ON THE CONTRIBUTION OF SLOW REACTION IN DETONATION

P. K. TANG, W. L. SEITZ, H. L. STACY, mnd J. WACKERLE

Lu Abma Naticmal Ldwmtory, Lm Aluum, New M6co 87545

lntelfscc ~try d plate pd ~LB of the TATB-~ explaiva in~igsted m k ●how the
praaIc4dnonstiy detommticq namely, tlu initial Amity history iJJi3eaacs Within- explcdve ckge
hgth, a moditian gamrdly ●ttribukl to the mriution of u5ective CJ p~ure. A multiet~e reaction model in
ued to cimulate thae ~rimentt. k th- expki-, we 6.nd that the reaction must include a slow process
sbgemtl mtthenummicdmsuhe- be brought intogoml ~t withapaimentd otmervation.

1. INTRODUCTION

Ith known thatincylinder tats the initial motion cIf

the metal tube ia vay sasitive to the Chapman-Jougue~

(CJ,I pram d for cdculation;l and b thatthe

quation of st-te (EOS) cdibrtied kd on the cylirr

der test caanot be &pphed tOSMotk Syfitemingeneral,

The problem can be darnoutrsted by the inability of

the same EOS to predict plate push ~t~,a T~

dikmms lads w to rcuxlude fdaely that there i~ no

univemdly Meeptsble FOS for ● puticuk high exple

sive (HE), cnd th.w fora daignem to mtipulate the

EOS to flt the empericd result instead of mting pre-
dictions, The di5culty, w balieve, b not ●ntirely from

the EOS, but mther horn the mimpliSc*tion we mde of

the reaction pmcem in detonation,

It hss b O- tfmtame explosives exhibit

norided or noneteady detona!ioa behavior, showing i.~-

waasing CJ prnum with ~ect to increasin~ HE

chuge bngth, contrary to the dmple detomtion theory

with unique CJ ~,’ Thio conditia uisw from the

presence of M extended Nution wnc, the cawequence

of slow raeutlon (or delayed aiergy mleu) found in

mme HE. The p~a d ● long time ode In mactlon

prvvides tht opportunity for mat intlmste interaction

between reaction and hydrodynamk and therefore the

eflect of detonrntion la morn nmeltlvetothe system con.

5gurstioa. This aeneitivity explains why we have to

fudge the EOS to rekt tuch ● condition for difkrent

applications when we use programrd burn, in which s

constantdetonation velocity in UAA to catruct a burn

map in the HE regkm aad the mactim rate in deter-

mw.x! by thet~ing SF m !.,*dctonnti,m wave,

h war HE, the origiu oi the &JWlwxtiou pv,T-rwIin

baheved to be caud by did ark-m conguhtion,’ IJI

the p=nce of ● slow p~ocem nawr tic a~-:dof reutiou,

the mppment CJ p-m rekto the ~dition of the

partially reacted (dthougb dmoet oompleted) otste of

the explaiva rathez than the 9nd product. This pper

chows the migmificanceof theslowreaction in corAribut-

ing to the owrdl detmation behavior u demonstrated

in two typa ofexperimuntmmd related simuhtions.

2. MODELING INTERFACE AND PLATE PUSH EX-

PERIMENTS

A unified -tioa model for initiation mnd detona-

tion of hetaroganemus high explaiw h~ mcatly been

developed,’ mpkint M cd hoc time-w{tehing tech.

nique ~~ted previously ,’ Using themodel, we CUI

obtdn the mutia mte for detonation ~ ● limiting case

kuae both the hot -cpot proc~ time and the ●ffcc.

tive aar~ tmasfer time w much &rteI th~ the duw

procen time, The total reaction fiution A io therefore



with

A=(l-+)+V A., (1)

(2)

where A. repmaents the reection fiwtion of the slow pro

rem, + the mass fkaction of the exploeive going through

the dOWprOCedS,and r, the dow p~CeOS time. Both v

and r. are taken conetant. In the aboence of O1OWpIW

OMS,@ is setto zero. For calculation, however, the com-

plete rate equatio- given in Ref. 5 are utudly used;

and Eqs. (1) and (2) repreeent only the asymptotic chru-

acteristica of the complete rate relations in detonation

condition.

-~ts www ~tied Ming Fkbry-Paot inter.

ferometry to measure interface velocity between expl~

sive end truuparent ~ndow.’ The experiment al cyatem

consistscds plan~wave lens (P40), 25 mm of Composi-

tion B, ● @er of lo-mm dwninum, the teet high expb

sive, 0.013-mm dminum laser redector, and the tran-

sparent window (eee Fig, 3 of Rd 5). The results show

irxrcuing initial interface velocity history with increas-

ing explaive charge length for PBX-9502 (95% TATB,

5% Kel-F), X-0407 (70% TAT’B, 25% PETN, 5% Kel-

F)t and pure TATB, indi&ting come sort of nonsteady

behavior. To illustrate the effect of the elow promeo in

detonation, calculations ueing VI = 0.15 and r, = 75 ne

can reprodua the experimental rmdts,e” Additiond

c idence to cupport the preeence of slow reaction using

Lithium fluoride (LiF) winduu is given in Fig@. 1 and

2 for 13- and 25-mm PBX.9502. Calcuhtiona without

the dow pmccas are dm preeented iu the above fig-

ures The improvement of the aimulatiorur with EIIOW

procees over thoee without i, quit? striking The sec-

ond metof experiments in plate push, using oirnilar ex.

perirnentd octup M in the interkce experiment, ex

E
r 25

---
{
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FIGURE 1
Interface velocity between 13-mm PBX-9502 and LiF
window .

apt that the aluminum ehim and the transparent win-

dow me replaced by a thin metal plate (eee IYg. 3).

The metal surface velocity is meesured and dao cal-

culate using identicd r mrametero for the interface ve-

locity simtddhn. FigUrea 4 and 5 show the remdts of

13- and 50-mm PBX-9502 pushing 0.5-mm aluminum

-z
s.
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FIGURE 2

Interface velocity between 25-mm PBX.9502 and LiF
window,



proc-match

FIGURE 3
Plate push expefimem

mmulmona mti the mclunion of dl2~-

the ~t9 ~UCh better.pMtiCiJ-

Larly m the earber phaae and for & thicker apbiw

&gee Herewe-mmhght ovemscmste of the

surfu veltity m later U.me The mmci M probably

due COthe produce component m the HOM EOS UA’

The adwmge of the HOM EOS m chst n - be o.*

tamed mdepmdemly. but N m uaualiy more energetic

,:,‘]1

moum plate

dut ocher LYFCOof EOS m the 1- preawe regmn. acid

the dim al-ummi.mplate cmmc hold up die preaaure
for long alter a few reerberat]cms ~e CdCdaLiOGd of

13- and 50-mm PBX-9W2 puduqq056-and O46-mm

tumio plates reupect]vely duplmate the ●xpenmerits

Y%E%%7--
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FIGURE 6
Surface velcrlty l$mm PBX-0502 p~ah,rig O M. mm
taritalum plate
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FIGURE 7

Surface velocity, 50-mm PBX-9502 pushing 0.46-mm
tantalum plate.

much better even at late time, as shown in Figs. 6 and 7,

Jince tantalum baa much bigher density than aluminum

and can maintain the high level of pressure longer, the

behavior of the EOS is expected to be more accurate,

justifying the contention we ~ave made erutier on the

aluminum plate result,

3. CONCLUSIONS

Without resorting to the manipulati~n of the EOS,

we are able to cimutate two types of experiments dmw-

ing nonidcxd detonation behavior and we conclude that

the phenomenon in caused in detonation by the pr-

ence of a slow process near the end of the reaction. In

combining with the initiation stage, the uni9ed reaction

model hrM been validated further in different contlgura-

tions, and should bc a useftd tool for many applications,
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